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Abstract 

The objective of this thesis was to investigate the 
feasibility of modifying a pneumatic fertilizer applicator 
to place fertilizer in small nests rather than in continuous 
bands. To achieve the objective, two possible alternatives, 
namely, a rotary valve and an oscillating gate, were 
investigated. Both of these systems were installed 
separately on one branch of a Prasco Bandit pneumatic 
fertilizer applicator in order to analyse their effect on 
the overall system. The objective of analysing the effect of 
both the rotary valve and the oscillating gate on the total 
system was to attempt to introduce modifications which would 
not significantly alter the operation of the pneumatic 
fertiduzergapplicatornr 

An evalution of both the rotary valve and the 
oscillating gate were made using high speed photography. 
Analysis of the high speed films allowed determination of 
both the speed of operation and the distribution of 


fertilizer granules within the nest. 
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d - particle mean diameter (m) 
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AP, - pressure drop due to clean air (Pa) 
AP, - additional pressure drop due to the presence of solids 
(Pa) 
AP; - pressure drop due to acceleration (Pa) 
AP, - total pressure drop (Pa) 


Q - air mass flow rate (kg/s) 
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1. Introduction 
Rising fuel and fertilizer costs have been instrumental in 
creating an interest in efficient fertilizer use. Experience 
has shown farmers that the application of fertilizers can 
Significantly increase crop yields. However, high levels of 
certain fertilizers can cause severe damage to the crop if 
applied with the seed. Nitrogen fertilizers are among the 
fertilizers which will cause plant damage if applied with 
the seed at high rates. 

To prevent damage, many farmers have altered their 
field practices to applying nitrogen fertilizer as a 
separate operation from seeding. One of the first methods 
employed to apply fertilizer as a separate operation from 
seeding was broadcasting. Broadcasting offered the simplest, 
cheapest, and quickest method of applying larger amounts of 
fertilizer without damaging the seeded crop, and without 
investing significant capital in additional sophisticated 
equipment. If the broadcasting operation was done just prior 
to seeding the farmer would often unknowingly incorporate 
the fertilizer while doing the seeding operation. As 
research continued, soil scientists realized this 
incorporation of fertilizer was important and resulted in 
more efficient use of the fertilizer by the grown crop. 
Researchers also discovered that fall broadcast fertilizers 
did not produce results equivalent to spring broadcast 
fertilizers. The lower return from fall broadcast fertilizer 


was improved when the fertilizer was also incorporated in 
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the fall, but spring broadcast and incorporated fertilizer 
resulted in significantly better results in the fall 
harvest. Why was there an interest in applying fertilizer in 
the fall? As soon as researchers and farmers realized large 
amounts of fertilizer would have to be applied separately 
from the seed, attempts were made to optimize the separate 
operation. In western Canada fertilizer prices are generally 
lower and field conditions are generally drier in the fall 
than in the spring. Since farm labour requirements are also 
uSually lower in the fall than labour requirements in the 
Spring, many farmers are applying nitrogen fertilizer in the 
fall. 

Recent research by many respected researchers has shown 
that yield can be significantly increased if fertilizer is 
banded during application. The higher efficiency which 
results from banding fertilizer has induced manufacturers to 
produce a number of machines specifically for banding, or 
multipurpose machines which can be used for banding 
fertilizer and seeding cereal crops. 

Pneumatic systems have a number of characteristics 
which are advantageous in this application. To begin with a 
number of the systems can be used with an existing 
cultivator. This lowers the investment required by the 
farmer and results in a banding unit which has the same 
working width as the farmer's cultivator. Since farmers 
generally size their cultivators as large as possible for 


their available field power, these systems give the farmer a 
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larger and therefore faster system than could be justified 
solely for banding fertilizer (figure 1.1). Secondly, most 
pneumatic systems have large storage tanks which minimize 
the number of required filling stops, particularly when high 
application rates are being used (figure 1.2). Furthermore, 
by uSing a cultivator as the application tool, fall banding 
can be combined with fall field work thus reducing the 
number of required field operations. 

The most recent research in the field of nitrogen 
fertilizer application has been in the area of nesting or 
double banding. Nests are created when the fertilizer for a 
band is collected over a short distance (approximately 0.3 
metres), then placed at one point. If banding is defined as 
concentrating the fertilizer in one dimension, nesting might 
be considered double banding in that fertilizer is 
concentrated in two dimensions. Early indications are that 
nesting may result in an even higher yield than a banded 
application at the same rate. Studies so far have been done 
by hand because no equipment has been available to place 


nests in the soil. 
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Figure 1.1 Pneumatic fertilizer bander on a field cultivator 


Figure 1.2 Refilling storage tank on a pneumatic fertilizer 


bander 


: ; 


loll e30pit 


2. Literature Review 


2.1 Fertilizer Placement 

Recently published experiments conducted by Nyborg et 
al (1979) showed that fall application of urea (46% 
nitrogen) in constricted nests produced higher yields than 
fall application of urea in bands. More specifically in five 
field experiments conducted between 1977 and 1979 in 
northern Alberta and northern Saskatchewan, yields with fall 
incorporation, fall banding, fall nesting, and spring 
incorporation were 960, 1240, 1560, and 1830 kg/ha, 
respectively. Note that both fall banding and fall nesting 
of fertilizer resulted in much better yields of barley than 
did the fall incorporation of fertilizer. However for 
northern Alberta and northern Saskatchewan, spring 
application of fertilizer produced the highest yields of 
barley. 

Interestingly, research reported by Harapiak (1979) did 
not find spring application of fertilizer by any method to 
produce the highest yield. In fact, when Harapiak summarized 
data for field trials conducted primarily in the southern 
portions of the prairie provinces, fall banding was found to 
be superior to both spring broadcasting and spring banding 
of fertilizer. More specifically Harapiak rated late fall 
broadcasting, late fall banding, spring broadcasting, spring 


banding, and post planting applications of fertilizers as 
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The seeming conflict between Nyborg et al's results, 
obtained primarily in northern Alberta and Harapiak's 
results, obtained primarily in the southern portions of the 
prairie provinces, can be accounted for by examining the 
Soil moisture conditions for each research project. 
According to Harapiak, the loss of soil stored moisture 
during the extra spring tillage associated with any spring 
fertilizer application could be the reason fall banding was 
Superior to spring banding in the southern areas. Soil 
moisture levels might have a far greater effect on yields in 
the drier southern regions of the prairies than they would 
have on yields in the more moist northern soils. 

Nyborg and Leitch (1979) suggested a second possible 
explanation for the seemingly random results from 
experiments comparing spring and fall fertilizer 
applications. 

The inferiority of fall applied N fertilizer found 
in northern Alberta, but not reported in southern 
Alberta, may be related to more severe N deficiency 
in the north and to more saturation of the northern 
soils during the spring thaw. Losses of N through 
leaching and denitrification occur only with 
nitrate, and not with ammonium. 


The authors went on to explain: 
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The losses of fall-applied N seem mostly to take 
place when the soil is first thawed and saturated in 
spring, and fall-applied urea is usually only partly 
nitrified by that time... 

These statements agree well with Malhi (1978) who 
explained some aspects of the nitrification process. Field 
and laboratory data lead Malhi to suggest ammonification and 
nitrification occur throughout the winter, leading to large 
amounts Of VNOGsjUuSt prion to Spring thaw. During the spring 
thaw, the water saturated condition of the soil (which is 
common in northern Alberta ) above the frozen layer leads to 
relatively rapid denitrification of the accumulated NO,. 

Bertcn sao sietindings Showed nutrification sot N 
fertilizer could be slowed by application in bands. 
Through-out the prairie provinces Ridley (1977), Malhi 
(1978), Harapiak (1979), and Nyborg et al (1979) all noted 
fall banding of N fertilizer gave higher yields than did 
tabimincorporationgsoL tertrlizer with the=soil, 

The mechanism which slowed nitrification of N 
fertilizer in bands was probably the same mechanism which 
slowed nitrification, in nests. In fact, nesting could™=be 
explained as double banding, or banding in two directions. 
The increased yield which results from the use of nests, can 
be simply explained by a double banding effect. Following 
this train of thought, nesting might be expected to increase 
yields above those of banding in any area where banding of N 


fertilizer increased yields above those of incorporation. 
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Also of interest are the urea "Super granules" produced 
for research by Norsk Hydro. Norsk Hydro's super granules 
which are produced for rice research, as noted by Holte et 
al (1982), are available in three different size ranges: one 
gram, two grams, and three grams. Interestingly, the 
available granule sizes are close to the nest sizes used by 
Nyborg et al (1979), and might be of interest for Canadian 


studies. 


2.2 Fertilizer Placement Equipment 

Nyborg et al (1979) conducted fertilizer nesting 
experiments utilizing hand placement methods. Results from 
those experiments were encouraging, but further research 
required some form of mechanization. The purpose of this 
thesis was to study the possibility of designing a 
Fertilizer applicator capable of placing fertilizer in 
nests. A pneumatic fertilizer applicator was chosen as the 
base implement to modify into a fertilizer nester. 
Advantages such as high field capacity, operator 
convenience, and mechanical simplicity (making mechanical 
modification simpler) made the pneumatic fertilizer 
applicator an ideal experimental base piece of equipment. 
Since pneumatic conveying of material is the main principle 
upon which the pneumatic fertilizer applicators are 
designed, a literature review of pneumatic transport of 


particles was undertaken. 
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2.3 Pneumatics 


2.3.1 Introduction to Pneumatic Conveying 
Henderson and Perry (1976) describe pneumatic conveyors 
in the following way: 
Pneumatic conveyors move granular material ina 
closed duct by means of a high-velocity stream of 
air. The advantages are: relatively low initial 
cost; mechanical simplicity (only one major moving 
part, the fan); conveying path can be random and may 
branch; conveying path can be changed easily; a wide 
variety of materials can be conveyed ... and the 
system is self cleaning. 
All of the above characteristics make application of 
pneumatic conveying to grain seeders and fertilizer 


applicators highly desirable. 


Zesn2meGlassi fications 

Before the science of pneumatic conveying can be 
analysed, a few classifications must be explained. According 
to Stankovich (1978) pneumatic conveyors can be grouped into 
three types: positive-pressure systems, negative-pressure 
systems, and negative-positive pressure systems. For the 
purposes of application on pneumatic fertilizer applicators 
only positive-pressure systems will be analysed. 
Positive-pressure systems of pneumatic conveying can be 


further sub-divided into dense-phase and dilute-phase 
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systems. Leung and Wiles (1976) defined dilute phase flow 

(or lean phase flow) as: (one) 
in which the solids are carried upwards as an 
apparently even dispersed suspension with low 
volumetric solid concentration (generally less than 
about five per cent). 

Pneumatic fertilizer applicators operate within the dilute 


phase range. 


2.3.3 Conveying in Straight Lines 
When a material is transported pneumatically, the 
individual particles are not suspended in a laminar flow. 
Rather the particles are dropped into a turbulent air flow, 
where they are influenced by horizontal accelerations, 
rotational accelerations, and gravity. The net results of 
these accelerations are complex random paths. Individual 
particles collide with the walls of the conveying tube and 
with each other. Every one of these collisions results in an 
energy loss which may be perceived in a macro sense by a 
loss in static pressure. The loss of static pressure along a 
tube which is being used to transport material pneumatically 
can be split into three parts, namely: 
1. pressure loss due to air alone, 
2. pressure loss due to the presence of particles, and 
3. pressure loss due to the acceleration of the particles. 
Jotaki and Tomita (1971) define the total pressure drop 


inwa Conveying pipewunto two parts-sthatwdue tolfriction 
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losses with the air alone (AP,), and those additional losses 
due to the presence of solids (AP,). Losses due to 
acceleration of particles (AP;) were avoided by considering 


only a fully developed flow. The resulting formula ': 


Cth) AP,=AP,+AP, 

eps e 

co KMart we) 2 sot so LU eye rh 
ee eeepc | 


is quite simple and useful as defined. Ottjes et al (1976) 
and Scott et al (1976) both used equation (1) as their 
Starting points. Scott et al (1976) went on to explore bend 
effects, which will be discussed later in this chapter. 
Ottjes et al (1976) added a term to describe the pressure 


loss due to the acceleration of the particles. 


G3) AP,=AP,+AP,+AP; 


Generally, if A P, is assumed not be influenced by 


presence of particles, then 


(4) AP,=Lf£,p,(U,)? 
2n0 


Simply describes the pressure drop due to air alone. 


Similarly by using a simple relationship describing pressure 


‘See the table of symbol definitions on page xvi 


ERS | aa ; , | — . = d 
= Spey a pas ; . = >. 


pee =. Ga 
(2) pope aap il 
= 


; 

(aren) Ix ge eetts0 .Benbies eu Tytegy one cuminesa 
2(403 on. (7% raigenge beey ited Tater) te: 25 hape2 ati 
Shad Hiotck>.or mo sree fever) fe se 24002 asciegy gats7ese 7 
genie aig wk fade. belagse (hed addv daldaegesonsiay 

4taeensq oft sclvsegh af mast & peoba (eter ee ef 30. 
(29 \ st frdgies* 26 wgiteudense: sis é¢ aud zagk! 
ae 
- thee 14 a, SA ‘SE * 


fet caeietivag ‘_: 


loss due to acceleration of the particles, AP; may be 
derived from the momentum equation. Ottjes et al (1976) 


described the relationship as: 


(5) AP =O AU. 


Finally, a simple equation describing the relationship 
between pressure loss and the presence of particles in the 
air can be developed. Jotaki and Tomita (1971) described the 
relationship of pressure loss and the presence of particles 


inegthe’ alirestreameas: 


(6) APE= fs pU 


The above relationship was developed assuming suspended 
particles do not act exactly as a fluid does and the 
friction factor f, does not remain constant when the 


velocity of the particles changes. 


2.3.4 Dimensional Analysis 
McCabe and Smith (1967) explained dimensional analysis 
in part with the statement: 
if a theoretical equation does exist among the 
variables affecting a physical process, that 
equation must be dimensionally homogeneous. 


Researchers such as Reynolds and Froude found relationships 
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which held true as the variables within them changed. 
Reynolds developed the relationship: 


Rea = pay, 
u 


which is the ratio of inertial forces to viscous forces. Any 
correlation developed which contains a Reynolds number may 
be applied to a different environment simply by supplying 
new values into the Reynolds number. Froude worked with the 
interaction of two fluids of different densities, and 
discovered the effect of gravity was nearly always 
important. Ship designers have been long time users of 
Froude's relationship: 


Bre.eVv 
SOR(gL) 


which allows models and studies of the effect of water ona 
ship's hull to be done. Similarly a relationship must exist 
between a suspended particle and the fluid or gas within 
which the particle is suspended. More recently Rizk (1976) 
related pressure drops to the Froude numbers of the 
suspended particles. Yang and Keairns (1976) developed a 
solid particle friction factor which used Reynolds numbers 
and could have used a Froude number. 


For Vertical Conveying 


( 70) be) eer = Sete tS AML US 


peer at erin : 


vga .eanol eyorkiv o# ainesat a seal do aided 

gee “xsd @htonger & siesta dB2e> baqoiersd ad 
only iqque es yiqmi2e gnamnots THe dnavetlis «a oft ile 

wed Asin Deipoe Shuaet Vebdnwer BbEOaGR 9s: ‘set 

nee ,2e8sedoet P0801 126 to seivit ous 
eau la: yieesn -gaw. Gove Fo Sued ds: oA: 

xe czseu sedy ‘enok dead ower eypepieeb qide 
wqiganctsal 2 

cane * 

edo. seiaw 7o s99%TS ede to eaihady Saw siebos evelte: doi i 

jaiee stim qgifensiaplac’s Gea4ture ane wi os Lhd, agit 

aidsiw dee aa bi? Sed Be8 siaates leanne Sale 

(aye:) S228 giansme ach! ,bsinaqeue a2 oboe stagnaas . 

edi Yo agethter etgee8 ati oF ph onieke 

o heqeigveb (qver) dntegel Bue get .aefsis reg) 

Steueun ebitayet beats Heiiw sodeal eoiceist etekemeg 


B96 ;2- 
a - - 
_ 
a 4 a - _ 
’ re . 7 
> 7 


For Horizontal Conveying 


~15 
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R, 
The separate relationships developed by Yang and Keairns 
(1976) for horizontal and vertical conveying are worthy of 
note. AS can be seen above, the relationship for horizontal 
conveying is more complex than the relationship for vertical 
conveying. The simplest explanation for the simplicity of 
the vertical term is the fact that the particle's plane 
of movement is the same as the direction of the earth's 


gravity. 


2.3.5 Acceleration of Particles 

The pressure drop experienced due to the acceleration 
or re-acceleration of particles in a pneumatic conveying 
System is of paramount importance in a pneumatic fertilizer 
applicatore Scotty eteale (1976) -noted|thatewith)jthe,0.100 m 
diameter tube used in their research 

the majority of the re-acceleration appeared to take 

place within 9.0 metres after a bend. 
No tube on present day pneumatic fertilizer applicators has 
a length which is straight for 9 metres. That means that 


particles in a pneumatic fertilizer applicator will always 
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be accelerating. Yang and Keairns (1976) described the 


pressure drop during acceleration as; 
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2.3.6 Bends 

The effect of a bend in a pneumatic transport line 
extends not only over the bend itself, but also over the 
downstream straight section where the particles are 
re-accelerated. Scott et al (1976) showed significant 
pressure drops after the bend (figure 2.1). Complete steady 
flow was not re-established for 15 metres downstream, 
although the majority of the re-acceleration appeared to 
take place within 9 metres of the bend. Since a 0.100 metre 
diameter tube was used in the experiment, the results might 
be applied directly to pneumatic fertilizer applicators 
which use 0.100 metre diameter tubes to transport material 


up to the primary manifolds. 
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Page 16 has been removed because of copyright restrictions, 
the illustration is available from Scott et al (1976). 


"The extra pressure drop attributed to a bend" 


2S LODGE 

Researchers have been working with vertical and 
horizontal pneumatic conveying systems for years, but little 
interest was shown in tubes at angles between horizontal and 
vertical. Duckworth (1976) investigated the effect of duct 
Slopes on the minimum transport velocity required. The 
results of Duckworth's investigation are somewhat 
Surprising. When a ratio of minimum transport velocity to 
settling velocity was studied at different conveying tube 
angles, the results showed an increase in required minimum 
transport velocity as the conveying tube angle increased. 
The required transport velocity reached a maximum at 45 
degrees of conveying tube angle and began to decrease as the 
tube angle continued to increase. Duckworth provides a 
number of charts from which values can be selected, but only 
gives the relationship as a function of the ratio of 


particle diameter to duct diameter and angle of elevation: 


0.3 
(10) Vit Vee LUnCt Mond, D) ax ehunction, (0 )as) M 


2.3.8 Minimum Required Air Flows 

When a pneumatic conveying tube does not have 
sufficient air velocity and pressure to keep the particles 
evenly distributed throughout the cross-sectional area of 
the tube, the particles begin to settle to the lower half of 


the tube. Scott (1978) realized that some pneumatic 
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conveying applications might take place within these 
conditions. As a result, Scott developed two formulae to 
describe the movement of the particles in an air stream. The 


Dime S e 


Give) hPa ee Ee eo 
lu, a SOW ae aa 


describes the pressure loss per unit length when the 
bEansport velocity 1s not sufficient to keep the particles 
Suspended in the entire cross-sectional area of the tube 
(ive. the particles are in the lower half of the tube only). 


The second: 


(12) ND are ax tA / Fas = K 


describes the pressure loss per unit length when the 
transport velocity is high enough to keep the particles 
distributed evenly across the conveying tube's 
cross-sectional area. 

Estimation of minimum air flows required to move 
required mass flow rates in a pneumatic system is of great 
importance in order to properly size ducts and fans. 
Unfortunately many present methods require the system to be 


built, then the air flow rate determined experimentally. 
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Rizk (1976) developed a simple relationship: 


(e032) 4 


which relates mass load ratio to a Froude number. Since the 
Froude number relates air velocity to pipe diameter, Rizk's 
relationship allows an air flow to be chosen for a required 


mass flow rate and pipe diameter. 
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3. Preliminary Studies 


3.1 Field Equipment 

Prior to beginning any experimental work, a field study 
was conducted by the author to examine pneumatic seeders and 
pneumatic fertilizer applicators marketed in western Canada. 
The John Deere, Prasco, Wil-Rich, Morris, and Friggstad were 
Studied and a large number of common characteristics were 
determined. Without exception each pneumatic system utilized 
some form of a field cultivator to place material into the 
ground. The pneumatic seeders and fertilizer applicators 
were either mounted directly on the cultivator frame (as was 
Wil-Rich for example) or were located between the tractor 
and the cultivator (as were Prasco and John Deere). All the 
pneumatic systems had large tanks for seed and/or 
fertilizer, thus diminishing the number of refilling stops 
required during field operations. 

A large fan was used on each pneumatic unit to supply 
an air stream within which the fertilizer and/or grain could 
be suspended. These fans were driven by one of three 
methods: 

a a separate engine mounted on the pneumatic device 

(irguregs. 1); 
= a power take-off shaft from the tractor (iaquress.cu:, 

5 or a hydraulic motor mounted on the fan and operated by 


the tractor's hydraulic system (figures 3.3 and 3.4) 
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Figure 3.1 Fan driven by a separate engine 
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Prgure @eeeraneduiven by a power take-off shaft 
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Figure 3248011 cooler 
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by hydraulically driven fans 
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Of the three systems, the power take-off system is the 
Simplest and the cheapest, but power take-offs are not 
always available on large four wheel drive tractors. 
Therefore most companies offer one of the other two drive 
systems as standard or an option. 

Only Wil-Rich divided the air flow into individual 
lines for each seed or fertilizer row prior to the point 
where the seed and/or fertilizer were introduced into the 
air stream. The remainder of the manufacturers introduced 
the seed and/or fertilizer into one or more primary air 
streams, then used flow dividing manifolds to distribute the 


air-solid mixture to individual cultivator shanks. 


3.2 Objectives 

Since research in the area of fertilizer application 
indicated there was an advantage in applying fertilizer in 
nests, the purpose of this thesis was to develop a 
laboratory prototype to apply fertilizer in nests. A 
pneumatic fertilizer applicator seemed to be a logical 
base machine from which to start, because the air 
conveying lines could easily be moved around, simplifying 


modification. 
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4. Experimental Procedure 


4.1 Test Equipment 

A Prasco Bandit? was obtained as a base machine to 
develop a prototypes Simplisticallya(figure 4,1) the WPrasco 
Bandit consisted of a fan, a number of tubes, a hopper, a 
metering device, two flow dividers consisting of a primary 
manifold and a secondary manifold, and a number of soil 
engaging boots. The fan Supplied air at a high velocity into 
a 100 mm diameter duct located below the hopper. Fertilizer 
was dropped from the hopper into the high velocity air by 
the metering device. Once the fertilizer was in the duct, it 
waS pneumatically transported to the primary manifold. There 
the duct was divided into five 50 mm diameter tubes that 
were balanced, thus creating equal flow rates of air and 
Suspended fertilizer in each tube. Each of these tubes 
carried the suspended fertilizer to a secondary manifold. At 
the secondary manifold, each tube was again subdivided into 
ten 25 mm diameter boot tubes, which carried the suspended 
fertilizer to the soil engaging boots. Fertilizer was then 
deposited antowa band within jihe soil by themopeners. 

The Prasco Bandit was delivered to the University of 
Alberta equipped with a 16.7 revolution per second 
power-take-off driven fan, which was coupled directly toa 


2 The Prasco Bandit was a pneumatic fertilizer banding 
machine produced by Prasco Super Seeder Ltd., Drumheller, 
Alberta and loaned to the University of Alberta for this 
study. 
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20 revolution per second 29 kW electric motor. Provision for 
three fan speeds was made by changing the size of the driven 
pulley on the fan. 

An intake air duct wasS constructed in accordance with 
the Fan Engineering Handbook and was equipped with a flow 
straightener as recommended by Jorgensen (1961) and ASHRAE 
standard 51-75 (figure 4.2). A Sierra model 435-2 hot-wire 
anemometer was used to measure the velocity of air flowing 
through the duct, allowing the quantity of air entering the 
fan to be calculated. Fertilizer having passed through the 
Prasco unit was then collected in plastic containers, 
located where the soil engaging boot would normally have 
been. 

One tube which would have been connected to a soil 
engaging boot in a field application, was modified to allow 
the flow of fertilizer to be photographed. This modification 
consisted of replacing the last 150 mm of the tube with a 
clear acrylic tube. Care was taken to keep the diameters and 
lengths of the tubes to those found in field applications. 
During high speed filming, which was done at 250, 300, and 
400 frames per second, the film was marked each 1/10 of a 
second to allow film speed (frames per second) to be checked 


and to provide a time frame for particle travel. 
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Figure 4.2 Air intake duct with a flow straightener shown 
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4.2 Fertilizer Properties 
Urea was the form of fertilizer used for experiments 
within this thesis project. Aeron (1978) described urea as 
a synthetic organic nitrogenous fertilizer made 
by combining liquid ammonia and liquid carbon 
dioxide at very high temperatures and pressures. The 
product in final form is prilled and contains forty 
six per cent nitrogen. 

Two different granule sizes of urea were included in 
this experiment. The first granule size was that of standard 
agricultural urea as available from local farm distributors. 
A sieve analysis (appendix A-1) netted a geometric mean 
diameter of 1.8 millimetres following a procedure similar to 
ASAE standard $319.* Throughout this thesis the agricultural 
urea granules are referred to as "Small urea granules" or as 
"Small granules". 

The second granule size tested was that of forestry 
grade urea. Forestry grade urea was developed in large 
granules for the forest industry where the fertilizer must 
be spread on the land surface and left exposed to the 
natural elements. A sieve analysis of the forestry urea 
(appendix A-2) netted a geometric mean diameter of 2.9 
millimetres following a procedure similar to ASAE standard 
S319. Throughout this thesis the forestry urea granules are 


°7ASAE standard $319 is a test procedure to determine the 
fineness of feed ingredients and to define a method of 
expressing the particle size of the material. Since no such 
Standard exists torvagricultural fertilizers, a procedure 
Similar to $319 was used. 
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PErChr eda Oldsmutcues lyaULea SOl Simply as. "large 
granules". The two granule sizes may be compared in figure 
ae 

Holte et al (1982) discussed "Super granules" which are 
larger sizes of granular urea available on the international 
market from Norsk Hydro. Super granules are very regularly 
shaped 1, 2, and 3 gram granules of urea. Although these 
very large granules have only been used in tropical research 
until now, and were not used in this thesis, they may be of 


interesteeco mucure North American researchers. 


4.3 Modifications 


4.3.1 Rotary Valves 

Initially a rotary valve seemed to be the simplest 
means of interrupting the pneumatic flow of fertilizer. By 
replacing the secondary manifolds of the Prasco Bandit with 
rotary valves, the fertilizer would be introduced into the 
tubes to the boots for one time period in ten, but at a rate 
equal to ten times the normal rate. The combination of the 
temporary high rate and short time period would 
theoretically result in an application rate equal to that 
through a normal manifold, but the material would be 
introduced only into ten percent of the normal length of the 
band. The first prototype was produced by modifying an 


existing secondary manifold (figure 4.4). Fertilizer 
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Figure 4.3 Comparison of fertilizer granule sizes 
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Figure 4.4 Rotary valve 
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entering through a 50 mm diameter intake was directed out 
one of the ten 25 mm diameter exhaust ports, then the valve 
was rotated, blocking the first exhaust port and opening a 
second. 

Each of the ten exhaust ports was opened then closed 
sequentially, resulting in each port being open 10 percent 
of the time. Unfortunately with the rotary valve replacing 
one secondary manifold, the available exhaust area for that 
secondary manifold was reduced by 90 percent and the total 
branch from the primary manifold blocked. 

A second rotary valve was designed to solve the 
blocking problem caused by the exhaust restrictions of the 
first rotary valve prototype. Fifty millimetre diameter 
tubes were chosen for both the intake and all the exhaust 
ports of the rotary valve. Two exhaust ports were drilled 
into the rotating center core of the rotary valve. These 
exhaust ports were not quite symmetrical in the central 
rotating core. Rather, the ports were placed in such a way 
that as one port began to open, the other port began to 
close. In this way a 50 mm diameter exhaust port was always 
available, and the blocking problem was solved. 

When the blocking problem had been solved, the last 150 
mm of one of the boot tubes (tubes from the rotary valve's 
exhaust ports) was replaced with 50 mm diameter clear 
acrylic tube and high speed films were taken of the 


interrupted flow. 
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4.3.2 Oscillating Gates 

A second method of producing fertilizer nests was 
attempted by designing a device which would collect the 
fertilizer granules for a nest, then release them as a 
clump. One of these devices would be required for each boot 
tube, and each would be mounted at the top of the boot. 
Because of the number of devices required for a large field 
unit and the hostile environment in which the device would 
Operate, a Simple sturdy design was sought. Further, with a 
nest required each 0.3 metres of field travel and a field 
speed of at least 5 km/h, a nest would have to be released 
each 0.2 seconds. 

To meet the above requirements a simple air-particle 
separator with an oscillating gate at its base was 
developed. The air-particle separator allowed the 
transporting air to escape and the fertilizer granules to 
come to rest on the gate at the device's base. When 
sufficient time had passed, the gate was rapidly pulled out 
of the way to one side, and the clump or nest of fertilizer 
Lemie rrpomthemboor: 

An electrical solenoid was chosen to pull the gate open 
(while a spring reclosed the gate) to keep the project 
Simple and to allow the system to operate within the 
required time frame. Another advantage of using the 
electrical solenoid as the driving device was the use of a 
simple electronic circuit control to drive the solenoid 


directly. No hydraulics or pneumatics were required to 
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operate the oscillating gate. Duration and frequency of the 
gate opening were controlled initially by a timing circuit, 
andmlater iby a P2D.Peasi |) minia-computer {figure 4.5). 

The air-particle separator was made by introducing the 
boot tube (25 mm diameter) into a 50 mm diameter tube. 
Increasing the cross-sectional area caused a rapid decrease 
in air velocity. The lower velocity air was not capable of 
holding the fertilizer granules in suspension, and the 
granules fell to the bottom of the separator. Conveying air 
was then forced to reverse direction (to ensure no particles 
were still suspended) and allowed to escape to the 
atmosphere unhindered. Falling fertilizer particles were 
funnelled into a 25 mm diameter tube and came to rest on the 
gate located at the base of the air-particle separator. When 
sufficient time had elapsed the solenoid was activated and 
the gate momentarily opened, dropping the nest of fertilizer 
granules into the short boot (figure 4.6). Very short open 
durations did not allow all the material on the gate to fall 
through and blocking resulted. Once the open duration 
requirements were filled, the maximum available frequencies 
at which the gate could perform the intended function were 


limited. 
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Figure 4.6 


A. Air-particle separator 


B. Funnel 
C. Electrical solenoid 
D. Oscillating gate 


E. Clear boot tube to allow filming 


Oscillating gate and electrical solenoid 
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5. Instrumentation 


5.1 Power 


5.1.1 Polyphase Wattmeter 

A Weston polyphase wattmeter model 329 was used to 
measure the electrical energy consumed by the electrical 
motor driving the fan. The Weston wattmeter is of the 
electrodynamometer type, shielded from the effects of 
external magnetic fields, and temperature compensated. Two 
Weston model 461 current transformers were used in 
conjunction with the wattmeter to lower the current flowing 


through the wattmeter (figure 5.1). 


Silo lecauronation 

Published data with the Weston wattmeter claims an 
accuracy Of one-half of one per cent of a full-scale value 
for any frequency up ito 9125 thentz.) The, Department of 
Electrical Engineering at the University of Alberta checked 
the calibration of the wattmeter prior to the beginning of 
the experiment, and the zero of the meter was checked prior 
tomeach run. Fieldeconnections and the efflect= ore thescurrent 
transformers combined to give a motor factor of 80. Power 
consumed by the electrical motor could then be calculated 
CUnmWwaGt Ss) Ss DValUUENolyingmechiesmotobmracton by the sscale 


reading on the wattmeter. 
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Figure 5.1 Weston wattmeter 
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5.2 Velocities 


5.2.1 Air Speeds 


Jee en intakevAlY «DUCE 

The intake air duct was constructed in accordance with 
the Fan Engineering feasinaet: and was equipped with a flow 
Straightener as recommended by Jorgensen (1961) and ASHRAE 


Standard 51) =" 75. 


Calibration 
To calibrate the air duct, readings were taken 
at SO=4andividualMlocations and) a correct ron tactor 


calculated for the duct's center reading. 


5.2.1.2 Sierra Anemometer 

A Sierra model 435-2 hot wire anemometer (Sierra 
Instruments, Redland, California) produced by Kurtz was used 
to measure air speed inside the intake air duct. The Sierra 
anemometer's output was one volt for each 1.27 m/s (250 feet 
per minute) of air speed which passed the sensor. This 
voltage was fed to a Sanwa model SH-63TR analog voltmeter. 
The Sanwa was re-zeroed prior to each run and could be read 


COntHe neacGese OU alavolt. 


Calibration 
The Kurtz Sierra model 435-2 hot wire anemometer 
was calibrated by Sierra Instruments, Redland, 


Calitormiamonumetnen27 thmcdayeotm the OLh month Ota sce, 
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Neel se Pi toueTubpe 

Air velocities were measured downstream from the fan 
using a pitot tube similar to those described by ASHRAE 
standard 51-75. The pitot tube was fastened concentrically 
inside a second tube of slightly larger diameter which 
received static pressure from radial sensing holes around 
the tip. When impact pressure was connected to one leg of a 
manometer and static pressure connected to the other leg of 


the manometer, the velocity pressure was indicated directly. 


Calibration 

The pilcot tupesusedswas) similareto the 
description in ASHRAE 51-75 and as such was 
considered a primary instrument, which requires no 


calibratton. 


5.2.2 Rotational Velocities 


5.2.2.1 Pioneer Digital Stroboscope 

The model DS-303 Pioneer digital stroboscope was used 
to measure the rotational velocities of the electric motor 
and the actual rotational velocity of the fan while under 
test. Pioneer literature supplied with the stroboscope 
States an accuracy of plus or minus one revolution per 


Manute: (figure 5.2)" 
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Figure 5.2 Pioneer digital stroboscope 
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Calibration 

The calibration of the digital stroboscope was 
checked by two methods. First, a 60 hertz power line 
frequency was supplied to one channel of a 
Tectronics model 432 dual trace oscilloscope. Then 
the triggering voltage from the stroboscope, which 
was set at 60 hertz, was supplied to the second 
channel of the oscilloscope. Comparison of the two 
traces resulted in no perceivable timing difference. 

A second calibration check was done using a one 
kilohertz calibration signal from the Tectronics 
model 432 dual trace oscilloscope. When the one 
kilohertz signal was compared to 14,955; 29,907; and 
19,939 rpm triggering signals from the stroboscope, 
ratios of 1/4, 1/2, and 1/3 respectively were 
obtained. Theoretically that gave the stroboscope an 


Errol nOlmeUn Sepenrecent. 


5.2.2.2 Hasler Tachometer 

Low speed rotational velocities were measured by means 
of a model 15228 Hasler hand-held tachometer. Readings were 
made by holding the tachometer in direct contact with the 
shaft whose speed was being measured, then activating the 
tachometer. Once the measurement was made the dial of the 
instrument remained stationary and the instrument could be 


moved to allow for more convenient reading. 


sa ee faqve anv Epleupsts 
: _ - 

4 ‘ , 7 fat - + | i ty @ - 
edt . aposes . 929 os lebow asin le 
7 - . een’ - 
Mos? spediov a 
ea ats of Seifanue cav-iancved Oa 2% Foz 

el g i 
md ag? 46 aoe J epee legeanelliseo ats ia tenets: 
a : is 


n —_ i 
atnertai4ip werar? s)gev teers oa a: be? [vas g92eet 
3 Lio s P 


s priey enh eav dsedo toiieidifses SmosegiA” 4 7 
nize 7sgaT 2 is to igerdiias shtedofta 
ai ql .egesbedticne sogsa’ (oul) SES tebom 
hee 1TUE Es :2e2,8) 89. bevegués dew lanpts stisiolia | 
: ” 
ia 7 nord alowgia eatregess? maz fe ,eF 
$ ‘oy (eeepee? C17 Gee 2 .o\P is qoite2 _ 
ue — ise! (982. evap’ Je a. rani sasoad? baniazdo : 


t 
-ihesteg 6.0 28 ae 
i 


1a2e90R IAT selee 
2° ifeeley Lanci ga? 09 beat: - 


+e eee Tre yselen # aseer & 


ae 
4 
=< 
= 
- 
=? 
TD? 
= 
=~ 
2 
" 


#d>.a3iw 2t596I80S8 


: 
7 st? i itvav data 
I bg ca 
‘7 


a1 Jo inthe 


co my eiemoises $n 2 ust 


ba x,geaem PRisc gaw 6 
>. 4 

6 & ary sont 2 ral - 

c - 


biuat syaimee 


a 


44 


Calibration 

The calibration of the Hasler hand-held 
tachometer was checked against the Pioneer digital 
stroboscope. Ten rotational velocities were chosen 
betweenas.soub7omo00 rpm) and W6ewen/s el 000srom) = 
Each rotational velocity was read with the Hasler 
hand-held tachometer, then the Pioneer stroboscope. 
Both readings were recorded and an error calculated 
for each rotational velocity. The largest recorded 
error was 0.67% for the Hasler tachometer at 9.93 
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5.3 Pressure 


5.3.1 Manometers 

Manometers were fabricated in U shapes from 8 mm glass 
tubes. Each manometer was filled with distilled water and a 
small amount of food coloring was added. The manometers were 
mounted vertically on a scale which could be read to the 


Neanestemyl lime rem urraure oes). 


SeomemotalLlcurressure 

Static pressure was measured by connecting a tube 
between a static pressure tap and one leg of a liquid 
manometer.The second leg of the manometer was left open to 


atmospheric pressure. Care was taken when placing static 
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pressure taps to prevent anything from intruding 


into the tube to disturb the internal flow patterns. 


5.3.3 Barometric Pressure 

Barometric pressures were obtained during each test 
from the meteorological observatory of the Atmospheric 
Environment Service located at the International Airport, 


Edmonton,Alberta. 


5.4 Temperature 

Both wet and dry bulb temperatures were taken by a 
Cenco sling psychrometer. The scales on the thermometers 
could be read to the nearest degree Celsius. Wet bulb 
temperatures were measured by placing a moistened wick over 
the bulb of the wet bulb thermometer. Internal temperatures 
within the system were taken with a Celsius thermometer 
Similar to those mounted on the Cenco sling psychrometer, by 


introducing the thermometer into a static pressure tap. 


5 4aieCali bration 

As suggested by ASHRAE standard 51-75 the thermometers 
were calibrated over the range of temperatures encountered 
during tests against a thermometer with a calibration that 
was traceable to the National Bureau of Standards. Maximum 
error recorded was 0.4 degrees Celsius for the single 
thermometer and 1.4 degrees Celsius for the thermometers on 


the sling psychrometer. 
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6. Results and Discussion 


6.1 Pneumatics 

Plans of doing a neeeres study of the actual pneumatic 
transport of fertilizer granules within the pneumatic 
fertilizer bander had to be abandoned. Although a good deal 
has been written on the topic of pneumatic transport of 
industrial products in recent years, very little information 
1S available on the pneumatic transport of agricultural 
products. Additionally, much of the existing pneumatic 
transport information published for agriculture is quite old 
and assumes particle friction coefficients do not vary with 
air velocity or conveying tube diameter. In contrast Rizk 
(1976) suggested: 

The most complicated form of pneumatic transport is 
that in horizontal pipes. ...This region is 
characterized by means of the physical properties of 
the solid particles and of the pipeline together 
with the velocities of both gas and solids, and the 
mass flow ratio and mass concentration. 

Examination of the pneumatic section of the literature 
review revealed many characteristics of fertilizer must be 
known before a detailed study of a complex system (such as a 
pneumatic fertilizer applicator) might be undertaken. Three 
of the required characteristics of fertilizer which were 


unknown in this experiment were: 
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be terminal velocity of a single particle, 
= actual particle velocity (which is very difficult to 
measure), 
= and the particle's pipe friction coefficient. 
Establishing these unknowns would be a thesis project of its 
own and for that reason no actual pneumatic study was 
undertaken within this thesis. However since the author 
believes a study of handling fertilizer pneumatically should 
be undertaken, a literature review of pneumatic conveying 
has been included in this thesis. Recorded pressure drops 
along the pneumatic conveying lines have also been included 
in appendix H. 

Attempts were also made to meaSure air velocities 
downstream from the fan. ASHRAE standard 51-75 requires air 
velocities only be meaSured ten tube diameters downstream 
from the fan. Unfortunately no section of the Prasco's 
fertilizer transport tube was straight for ten tube 
diameters. Therefore velocity pressures were meaSured in two 
locations downstream from the fan using non-standard 
methods. The first traverse plane (referred to as W) was 
Vocated as close as practical to the fan and before the 
metering device. The second traverse plane (referred to as 
Y) was located 1.8 metres downstream from the first traverse 
plane and 1.25 metres downstream from the metering device. A 
forty five degree bend was located along the 1.8 metres of 
fertilizer conveying tube separating the two traverse planes 


causing traverse plane Y to be located on a conveying tube 
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Sloped at forty five degrees from the horizontal. Two 
traverse paths intersecting at ninety degrees were made 
across the duct at each traverse plane and fourteen velocity 
pressures were recorded at equal intervals along each 
traverse path. (Data from the velocity pressure traverses 


are given in appendices J-1 and J-2.) 


6.2 Rotary Valves 

Initially a rotary valve seemed to be the simplest 
means by which to interrupt the pneumatic flow of 
fertilizer. By replacing the secondary manifolds of the 
Prasco Bandit with rotary valves, the fertilizer would be 
introduced into the lines to the boots for one time period 
in ten, but at a rate equal to ten times the normal rate. 
The combination of the temporary high rate and short time 
period was to result in an application rate equal to that 
through a normal manifold, but the material would be 
introduced into only ten per cent of the normal length of 
the band. The first prototype was produced by modifying an 
existing secondary manifold, which had a 50 mm diameter 
round intake and ten 25 millimetre diameter round exhaust 
ports. Unfortunately, swith the rotary valve in place, the 
system only had one 25 mm diameter exhaust port available at 
any one time. On a pneumatic system designed for ten 25 mm 
diameter exhaust ports, one exhaust port acted as a block, 


and the total branch to the modified manifold blocked. 
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Analysis of the system quickly showed the blocking 
problem was caused by the reduction of the exhaust port area 
by nearly ninety per cent. A second rotary valve was then 
developed which constantly had a cross-sectional exhaust 
area open equal to the manifold intake area. Test runs with 
this device indicated the blocking problem had been solved. 
Next, one exhaust port from the rotary valve was connected 
tOwa clear tube located anvthe boot’s locationsiny order, to 
allow the clump of material flowing from the rotary valve to 
be filmed. 

Examination of the high speed films of the material 
from the rotary valve showed almost no clumping effect. 
Evidently the material introduced into the boot tube at the 
rotary valve as a clump had redistributed itself during its 
transport down to the boot's location. Literature references 
had mentioned that material had a tendency to segregate 
according to particle size and particle weight. Heavier 
particles tend to fall out of suspension easier than lighter 
particles, contact the conveying tube wall, then slow down 
relative to suspended particles due to the effect of the 
Walletraction. Themnetreffect in va very long transports cube 
Wace hatethne finereparticles artived prion tGn -hemheavicr 
particles. In ‘the tcase of pneumatic transport of @fercilizer, 
the tube length was relatively short, but long enough for 
some particles to strike the tube wall, slow down, and 
arrive at the boot location as a random pneumatic flow. 


Further literature review indicated Kidd (1972) had patented 
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a rotary valve like device to act as a normal distribution 
manifold on a pneumatic grain drill. 

Evidently, in order to be effective, any nesting device 
would have to be located as close as possible to the boot. 
For the device to be mounted near the boot it would have to 
be small, rugged, and as simple as possible since one would 


be required on each run. 


6.3 Oscillating Gates 

To fill these requirements an electrically operated 
solenoid oscillating gate was developed. Duration and 
frequency of the gate openings were controlled by a timing 
Circuit. Barly test runs indicated this type of system had 
limitations. Very short open durations did not allow all the 
material on the gate to fall through, and blocking resulted. 
Once the open duration requirements were filled, the maximum 
available frequencies were limited. 

Initially the objective for nest placement was one nest 
every 300 mm. Coupling 300 mm spacing with a field speed of 
5.5 km/h required nearly 5 cycles per second from the 
nesting device. Experiments were conducted in a range near 5 
gate openings per second and high speed films taken. The 
high speed films were taken at 250 and 400 frames per second 
with a film marker being applied to the film ten times per 
second. Events on the film could then be timed by counting 


frames on the film, and counting the number of frames 
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between film marker spots. Sizes of nests and lengths of 
Spaces between nests could then be extrapolated simply by 
observing the urea granules against a 10 mm by 10 mm 
background grid and multiplying the time interval by the 
planned forward velocity. 

Examination of the films quickly indicated the material 
did not stay in neat clumps as the gate opened, rather 
fertilizer tended to strike the sides during its fall and 
redistribution occurred after the fertilizer left the boot. 
Data were taken as 80, 90, and 95 percent of the fertilizer 
granules which would make up one nest were passing a 
reference point located where the fertilizer would leave the 
boot in a field application. Tests with above 95 percent of 
the material in a nest were not practical, since some 
fertilizer granules were always scattered between clumps 
(figure 6.1). While working with forestry grade urea, the 
total number of granules in a nest could be counted, and the 
Granulesm1onr 30, 90, ands 95) peEcenteOh TneerOcaleatsomcouLd 
be counted (figure 6.2). In the case of nesting with small 
granules, an eStimation for each percentage of the total 
nest had to be made (figure 6.3). 

Averages for the four different gate open durations 
(50, 40, 30, and 20 percent of gate oscillation period) are 
Givensinectablemowmrotesmallegranules, sandetableso Zao 
forestry grademonranules Graphically, tneseLfectect 
different gate open durations for small granule urea and 


forestry grade urea can be seen in figure 6.4 and figure 
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Figure 6.1 Small urea granules Scattered between nest clumps 
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Figure 6.2 A single frame of high speed film showing a nest 


of forestry urea granules 


Figure 6.3 A single frame of high speed film showing a nest 


of small urea granules 
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Table 6.1 Effect of gate open duration on the accumulation 


interval of small urea granules 


Period. = 0.20 seconds 


All times are an. seconds 


S.Dy = Standard deviation 
Gate Open Percent of Fertilizer Granules 
Duration Past the Reference Line 
80% 90% 95% 

Mean 0.048 0.065 0208s 

5O% ie 0.0064 0. 0061 0.0045 
Mean 0.042 0. 055 0.066 

40% SYD O20065 0.0091 0.0094 
Mean 0.049 02055 0.096 

30% SDs 0.0097 0.0099 0.0094 
Mean 0.048 0.065 OreCiga! 


20% SiR 0.0060 Oe eh gs) 0.0071 
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Table 6.2 Effect of gate open duration on the accumulation 


interval of forestry urea granules 


Period = 0.20 seconds 


All times are in seconds 


SD. = standard deviation 
Gate Open Percent of Fertilizer Granules 
Duration Past the Reference Line 
80% 90% O5% 
aye! Mean 0.060 C07 02 092 
Sed B es OeU067 oT OTs OF O18 0 
40% Mean CeO O2O70 0.088 
SD OL O17 4 Os ee! OF OZ 1.6 
30% Mean 0.064 0.098 SG sepla ) 
S¥D* 0.0288 C202 5" @F0309 
207 Mean 0.071 0.096 Ora lad 
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6.5, respectively. 

Surprisingly, a gate opening duration of 40 percent of 
the gate's period resulted in a statistically significant 
smaller projected nest size for both fertilizer granule 
sizes than did either the gate open durations of 30 or 20 
percent. Possibly the downward air flow through the tube 
while the gate was open tended to push the fertilizer 


granules down the tube in a clump. 


623.4) Alr Blasts 

To.test the theory of air flow helping to»move the 
material downward in a clump, a second two-solenoid gate 
device was developed. The lower gate operated in an 
identical fashion to the single gate unit. Above the first 
gate waS a small chamber complete with a second solenoid 
operated gate constructed so as to block the escape path for 
the transporting air when the second gate closed (figure 
6.6). Therefore when the second gate closed, air was trapped 
in the chamber above the lower gate, which was collecting 
urea granules. Whenever the lower gate opened, with the 
upper gate closed, an air blast from the air conveying the 
fertilizer granules assisted the fertilizer granules down 
paste thew OweLm@cave, 

Three timing sequences were tried for the operations of 
the second gate. The first, called "no delay", consisted of 
operating both gates simultaneously, with the upper gate 


closing causing an air blast at the same instant the lower 
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Figure 6.6 Twin oscillating gate air blast device 
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gate opened. The second, a timing sequence referred to as 
"20 percent lead", consisted of the upper gate closing for a 
time interval equal to 20 percent of the gate open duration 
before the lower gate opened. Finally, a timing sequence 
Called) 20 percent agus consisted of closing mthemuppereqate 
a time interval equal to 20 percent of the lower gate's open 
duration, after the lower gate opened. 

Each of the above timing sequences was tried with the 
lower gate operating at a 30 percent open duration. The 
effects of no delay, 20 percent lead, and 20 percent lag 
time sequences were compared to the effect of a single gate 
operating at a 30 percent open duration (called a "check"), 
as seen in table 6.3 for small granules and table 6.4 for 
forestry grade granules. Graphically, the effect of the 
three different air blast timings may be seen in figure 6.7 
for small granules and figure 6.8 for forestry granules. 

For the small granules, all the air blast timings had a 
Statistically significant effect in compressing the nest 
size. In fact, any form of air blast resulted in 90 percent 
6f the granules being placed in lessmphan 25 ¢percentyot the 
inter-nest spacing. Of the three timings attempted, no delay 
and 20 percent lag were the most effective in compressing 
the nest size. 

Forestry grade granules also had their nest size 
compressed by the use of an air blast (although not by a 
Statistically significant amount). The air blast benefit was 


most noticeable on 90 percent and 95 percent levels of the 


6 36? guivols on edge 

noija7u& asqe erty 6 i 

esayupes HMlmis: 
Stép requ on ponies i¢ 7 ; 
rq 2'eseo sever ads 25 shaeeg’ OS of ‘cae ts eink emis = | 

Lintiqe: 5300 ssvol of aedte adaieaad ib 

aes iy iv’ Sete, zaW Reotaupes) ehtiars ends. pds Io dso _ 

su? .sof sb wage Seesteg OF wore ‘pil sateqo eJep iswol 

oa. taspied 0¢ Gate ,tded sinpaeg “s wetad on iq adnate 

sino sianta o to to88ls at! GY Uerigate stew seonstpee sald 

(%sosr:" suites) apksdrub- nee icksteq Cf 6 t4 poisszeqe | 

wot +7 side¢ sus éehiiedy Giame sof €.3 aldad ai neea te 

is io 28h) ede .Qbisoliqstd ,edlunete shag qrsestot - 

+ stupil of wage ween eoohets gagld vie; eneteRtid- ssza2: 

saluueio gotaenes 9649.4 eniees bee eolgne zp {lame od 

« bet «parents anid 266 od) Die. eRe fieaa eit 207 i, 

fean ede eatewengin> 9 ; 1a $9, toni? ingle vitanideiaeta i 

sheng OP oni Seitwewd) compet 20 3G azo? yop, .doa3 Ad wesie. 


a4 to 7usugeg 2 Wade, weal be Ras grisd a lansee Sine ie fi 
at 10 ‘eniveae teon-asin. 
aie sisw ool ot er 
} 
csie yaen babel a wopk | 

& vd sony idgue gis 
enw cela i. att (stom 


Yeieb on . be tyes) SpAiais sont 


piigasgmames m svYiites?ise decm) 


Me abare) —_ af 
ie fo ak 


ee. ver ay 
a a : 
‘ iw 
a ec .& 
Dees 


a 


P : _ ht 


 =_ & ‘ ce | 


62 


Table 6.3 Bffect of an air blast on the accumulation 


interval of small urea granules 


Pater gare 
Pim ng 


Check 


No Delay 


20% Lead 


20% Lag 


Period = 


Avi Germes 


0.20 seconds 


arenim Seconds 


Geb. A=eStandardadeviration 


Percent of Fertilizer Granules 
Past the Reference Line 


80% 
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Table, 6.4 Hifect of aneair blast. on the accumulatvon 


interval of forestry urea Granules 


Purem= care 
Timing 


Check 


No Delay 


20% Lead 


20% Lag 


Perivod’ = 0-20 Msecenas 
All times are anesecondas 


S.D. = standancdcdewrawiren 


Percent Of Fertilizer Granules 
Past the Reference Line 


80% 90% 95% 
0.064 070938 O71 20 
0.0268 0-025: 070309 
O.065 Oues Qa Or 
0.0161 0205.65 OO Zale 
0.060 0.086 Ora On 
0.0168 Or23.9 O70 d92 
0.060 0.086 OS al'Oel 
0.0168 Ow02 39 Oe 0s G2 


; HA | 
Penepes: BS .0he boive : 
eine Soe! wi ave eonte Ita 
nocaeiveb Syebasia~<: 10.2 


eslunar® 1satlisist te Saewinle: 
anid eoaeteten sz 7304 


ce 


J 
a) 


S9£6.8 


Pil 70 


Eifoco 


{ar 2G 


Sr 040 


LOG 
Ser 0.0 


64 


Satnuei6b eain [Tews jo TeaArsequt 
uotzetnundoe ayy uo 4SeTq ate ue jo 4YeFFT L°9 VaNbtgy 
SNIWIL ISVIG YLY 


IVI 28 QV x82 AV130 ON MISH) 


VOOC Oe VOUCee en VOOCOC en VOUC Cee 
QOY MY OY QO 
Ws Wes Wes 


PO Ky 


Ws 


W//. 


= 


foe] 
SS 
i—~} 


SUNUISS Ni an Ee 


SSJINNVYD S-LSAN SHL 40 %S6 ALVINWNIDV OL GSYINOSAY AWIL ITS 


SSTINNVYD S-LSSN AHL 30 7286 SLVINWNIDV OL GAYINOSY SWIl VII 11 
4 


SAINNVYD S,LSSN SHL 40 %@B ALVINWNIDV OL G3aeINOSY aWIL RORY 


ar a f " 2 


a4" 


™ 


= as ia aes ed 
ao m3 anaes oe p ATA SMEIA OT CARTLSTIA BET : AAAS 
a oinira? WO Xee BTARMUTOA OT anid 3s et KX a Ts 


65 


satnueib eain Aiqysai0jJ JO TeAIB UT 


uotze[Tnumsoe vy} uo 4YSeTq Ate ue Jo WD9FFT Q°9 VaANbtg 


SNIWEL ISV18 YTV 


W1 LA2 avs x72 AV 150 ON YOSHI 
XXXXXXX] XXXXXXX| XXXXXXKY XXXXXXY HN 
NY RY OY YY 
COOOOO6 OKKYYY) KK YY) OXKXYY) ; 
XXXYYY XXXL MXKXYYLY DXKXKKXLK aye 
OK oY) OYKKYYS SKYY) 
Ki XX KKKXY] XXX] YX KKKXY I 
xX KKK) YY KKY) YK YY) SYK 
MXKKYXY WOOeeeed mM XKKYLY YY KN 
KKK COOCOO4 KY) KXLY) 
XXXL XXXL] KXLY] KXLY 10 
YK YK OK XXX 
KKK YY XXXL MXKKYLY XXXL 
RY KKK RY Wareraneranen 
PP?) : y ORY LY Y m0 
yf LY Uh Vy 
/} J) /) Yi et 
VO) Vi Ve. VY), V//, 1 as 
/ 21 
1 
SJINNVUD S,IS3N JHL 40 XS6 3LVINWNIDV OL GaYyINO’Y 3WIL GLEIGA OID 


SSINNVYD S-LSAN AHL 40 %86 ALVINWNIIV OL GSYINOSY AWIL hie) 


810 
SSINNVYD S-LSAN SHL JO 788 ALVINWNIIV OL GSYINOSY AWIl ROO 


mane en wo en ene av 


SONOIJSS NI AWIL 


123". 3M don a Asnecyan 


— <7 te eek 


aaT 3G SEs BTA MEO | or -cisiuaain matt i: NN 
- oo ee _ 
2°12 SH ay 30 £ee sth gm “e eareaA mit TAS 


66 


Granules if’asnest. Again a ZO »percent lead in the air blast 


timing was the least effective in compressing the nest size. 


Geo 2240) Cushion: hubes 

Two tubes with different sized holes (0.8 millimetres 
and 1.6 millimetres in diameter) were developed which 
introduced higher pressure air through small holes along the 
eubelscetength. The air waseantroducedtalongethiesmnner walls 
Of the tube to form an alr cushion which was tomprevent 
particles from Striking @he tube walls and thea 
redistributing themselves along the tube length. 

Results of using the air cushion tubes were mixed. Data 
collected from observing fertilizer granules flowing down 
tubes equipped to provide an air cushion were compared to 
data collected from observing fertilizer granules flowing 
down normal tubes (referred to as a "check"). The time 
period to pass 80 percent of the nest's material down the 
air-cushioned tube was always longer than the time period to 
pass 80 percent of the nest's material down the original 
tube. The time period to pass 95 percent of the material 
down the tube was shorter uSing either of the two test tubes 
Poreche: stall ‘qrantiles. in thescacse sol sLOrestryaduade 
granules only the small diameter holes in the tube shortened 
tHe se ime period oO pass 95 PeLCenusOnmthe material wdewoe che 
tube. Effects of the air cushion tubes on small granule urea 
are given in table 6.5 and graphically pllustrated in figure 


G29, while the effects on forestry «qrade urea granulesvare 
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Table 6.5 Effect of an air cushion on the accumulation 


intervel of smalls urea granules 


Air Cushion 
Type 


Check 


Small Holes 


Large Holes 


Period = 0.20 


seconds 


All times are in seconds 


Saye 


= Standard deviation 


Percent of Fertilizer Granules 
Past the Reference Line 


80% 


050003 


90% 


0.068 


Ox 0.023 


OSD vel 


OS 0098 


0.068 


0077 


95% 


03086 


0.0094 


0.084 


O.00F 7 
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0.0082 
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Pabve 6 6 HLiLectlOlmannawr Cuchiomeon thesaccumulation 


interval of forestry urea granules 


Air Cushion 
Type 


Check 


Small Holes 


Large Holes 


Period = 0.20 


egied we 


Sey Dic 


seconds 


Imes are in seconds 


SA Standarde GeV te lon 


PELCEeN Mm LODePero ALZenerGranules 
Past the Reference Line 


80% 


0.064 


0. 028s 
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0.0090 


OR0c5 


O-- O82 


90% 


95% 
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Examination of the above tables and figures gave no 
indication Of air cushions significantly compressing the 
MeSt=size. Statistically ene air Cushion Gia Signiiacantly 
compress the nest size at the 80% level, but the 
Signivircance was Post at the 90% ana 95," levels. for thar 
reason no further studies of the air cushion tubes were 


undertaken. 
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7. Summary and Conclusions 
Pneumaticetransport of *particulate material suusean 
expanding science which has encompassed agricultural 
applications. Unfortunately the majority of modern 
research into the engineering principles of pneumatic 
transport of particles has utilized particulate 
materials found in industrial rather than agricultural 
applications. A void in scientific knowledge applicable 
to the pneumatic transport of agricultural products has 
resulted. Research should be undertaken to study the 
engineering principles of pneumatic transport of 
agricultural products such as fertilizers. 

The distance a clump or nest of fertilizer granules 
could be transported after being formed was severely 
limited by the tendency of the fertilizer granules to 
redistribute themselves randomly along any tube within 
which they were being pneumatically transported. For 
"pneumatic fertilizer nesters" the above statement 
eliminates the possibility of utilizing any centrally 
located rotary valve to form nests of granular 
fertilizer. Furthermore since redistribution begins 
taking place immediately, most methods of pneumatic 
fertilizer nesting will experience some redistribution 
between the location where the nest's fertilizer 
granules are collected, and the final placement of the 
fertplizeraqranuLesnesit:. 


Small urea granules, commonly used by farmers in the 
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Canadian prairie provinces, produced smaller projected 
nest sizes than did forestry urea granules under 
laboratory tests. 

Use of a single oscillating gate mechanism in 
conjunction with small urea granules produced nests 
(containing 90 percent of the metered nest's material) 
that covered less than 30 percent of the inter-nest 
spacing. 

Use of an "air blast" mechanism in conjunction with 
small urea granules produced nests (containing 90 
percent of the metered nest's material) that covered 
less than 25 percent of the inter-nest spacing. 

Use of an air cushion in the boot tube appeared to have 
limited application, since nest size was not 
Significantly reduced. 

The research results obtained indicate that 
concentrating more than 90 percent of a nest's material 
into less than 25 percent of the inter-nest Spacing 
would be exceedingly difficult to accomplish in 


commercial practice. 
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8. Recommendations for Further Work 


Experience gained during this project has highlighted a 


need for further research in the following areas: 


the 


A study should be undertaken to establish friction 
factors associated with the pneumatic transport of 
different fertilizers in: 

a. Horizontal pipes 

b. Vertical pipes 

c. Inclined pipes 

d. Bends 

Particular interest should be placed on the particle 
acceleration zone, which is near where the fertilizer is 
introduced into the airflow. 

Agronomic studies should be undertaken to establish the 
optimum shape and size of the fertilizer nest. Further 
studies should be made to compare the effect of using 
different granule sizes in bands and nests. 

Agronomic and engineering studies should be undertaken 
in the utilization of super granules such as those 


produced by Norsk Hydro under North American conditions. 
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Appendix A-1: Sieve Analysis of Small Urea Granules 


Screen mesh Nominal sieve Percent of material 
Opening (mm) retained on screen 
#4 4.76 0.0 
#8 2.30 24.77 
#10 2.00 Die 
#12 1.68 1323 
#16 ihe as! 4.3 
#18 1.00 a3 
#20 841 | = 
Pan 0.00 nf 


Forestry granule urea density = 786 g/L * 


Geometric mean diameter following ASAE standard S319 
formula: 


1 2 (W, log d_) d = geometric mean diameter 
= ai 0) 
d = log (aS eel 
i W. = weight) fraction on ith 
sieve 


d = geometric mean diameter 
of particles on i'th 
sieve 

1/2 


es ay) 


d = diameter of sieve 
openings of the i'th 
sieve 


Geometric mean diameter = 1.80 mm 


* Fertilizer densities were determined by gently pouring 
1000 mL of fertilizer into a graduated cylinder, then 
weighing the 1000 mL of fertilizer. 
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Appendix 


Screen mesh 


#4 
#8 
#14 
#16 
#20 


Pan 
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A-2: Sieve Analysis of Forestry Urea Granules 


Nominal sieve 
opening (mm) 


0.00 


Forestry granule urea density 


Percent of material 
retained on screen 


34.9 
60.6 
4.1 
trace 
tae 


trace 


749 g/L * 


Geometric mean diameter following ASAE standard $319 


formula: 


geometric mean diameter 


weightutraction. on 1) tn 
sieve 


geometric mean diameter 
Ore partiecles on ith 
sieve 

Lys2 


(d, x dj4)) 


diameter of sieve 
openings of the i'th 
sieve 


Geometric mean diameter = 2.86 mm 


* Fertilizer densities were determined by gently pouring 
1000 mL of fertilizer into a graduated cylinder, then 


weighing the 1000 mL of fertilizer. 
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Appendix B-1: Data for Different Gate Open Durations Using 
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Appendix B-2: Data for Different Gate Open Durations Using 


Forestry Urea 


Data for Gate Durations 50% 


Average 0. 
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Appendix C-1: Data for the Effect of an Air Blast on Small 
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Appendix C-2: Data for the Effect of an Air Blast on 


Forestry Urea Granules 
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Appendix D-1: Data for the Effect of an Air Cushion on Small 


Urea Granules 
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Appendix D-2: Data for the Effect of an Air Cushion on 


Forestry Urea Granules 
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Appendix E-1: Statistical Analysis of the Effect of Gate 
Open Duration on the Projected Nest Size of Small Urea 


Granules at the 80% Level 


table values are in seconds 
table rows represent sample for gate open 
durations of 50%,40%,30% and 20% 
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Appendix E-2: Statistical Analysis of the Effect of Gate 


Open Duration on the Projected Nest Size of Small Urea 
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Appendix E-3: Statistical Analysis of the 


Open Duration on the Projected Nest Size 


Granules at the 95% Level 


table values are in seconds 


table rows represent sample 
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Appendix E-4: Statistical Analysis of the Effect of Gate 
Open Duration on the Projected Nest Size of Forestry Urea 


Granules at the 80% Level 


table values are in seconds 
table rows represent sample for gate open 
durations of 50%,40%,30% and 20% 


respectively 
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Appendix E-5: Statistical Analysis of the Effect of Gate 
Open Duration on the Projected Nest Size of Forestry Urea 


Granules at the 90% Level 


table values are in seconds 
table rows represent sample for gate open 
durations of 50%,40%,30% and 20% 


respectively 
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Appendix F-1: Statistical Analysis of the Effect of an Air 
Blast on the Projected Nest Size of Small Urea Granules at 


the 80% Level 


table values are in seconds 
table rows represent samples for check and 
air blast timings of no delay, 20% lead, 


and 20% lag respectively 
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Appendix F-2: Statistical Analysis of the Effect of an Air 


Blast on the Projected Nest Size of Small Urea Granules at 


the 90% 


Level 


table values are in seconds 


table rows represent samples for check and 


air blast timings of no delay, 20% lead, 


and 20% lag respectively 
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Appendix F-3: Statistical Analysis of the Effect of an Air 
Blast on the Projected Nest Size of Small Urea Granules at 


the 95% Level 


table values are in seconds 
table rows represent samples for check and 
air blast timings of no delay, 20% lead 


and 20% lag respectively 
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Appendix F-4: Statistical Analysis of the Effect of an Air 


Blast on the Projected Nest Size of Forestry Urea Granules 
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Appendix F-5: Statistical Analysis of the Effect of an Air 
Blast on the Projected Nest Size of Forestry Urea Granules 


at the 90% Level 


table values are in seconds 
table rows represent samples for check and 
air blast timings of no delay, 20% lead, 
and 20% lag respectively 
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Appendix F-6: Statistical Analysis of the Effect of an Air 
Blast on the Projected Nest Size of Forestry Urea Granules 


at the 95% Level 


table values are in seconds 
table rows represent samples for check and 
aitrablast®timingssofene delay; )20,—lead, 


and 20% lag respectively 
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Appendix G-1: Statistical Analysis of the Effect of an Air 
Cushion on the Projected Nest Size of Small Urea Granules at 


the 80% Level 


table values are in seconds 
table rows represent samples for check, 
small hole air cushions and large hole 


air cushions respectively 
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Appendix G-2: Statistical Analysis of the Effect of an Air 
Cushion on the Projected Nest Size of Small Urea Granules at 


the 90% Level 


table values are in seconds 
table rows represent samples for check, 
small hole air cushions and large hole 


air cushions respectively 
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Appendix G-3: Statistical Analysis of the Effect of an Air 
Cushion on the Projected Nest Size of Small Urea Granules at 


the 95% Level 


table values are in seconds 
table rows represent samples for check, 
small hole air cushions and large hole 


air cushions respectively 
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Appendix G-4: Statistical Analysis of the Effect of an Air 
Cushion on the Projected Nest Size of Forestry Urea Granules 


at the 80% Level 


table values are in seconds 
table rows represent samples for check, 
small hole air cushions and large hole 


air cushions respectively 
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Appendix G-5: Statistical Analysis of the Effect of an Air 
Cushion on the Projected Nest Size of Forestry Urea Granules 


at the 90% Level 


table values are in seconds 
table rows represent samples for check, 
small hole air cushions and large hole 


air cushions respectively 


OT8I O21273 0.10645. 07052390, 0877 0.105500 ,0500 
Oe OS0628 3071172 0208620050966 0. 060580, Urea 
U2U897 305 (2077020897 V0 iy 250s 0966801 Osea Ue 


Output from the Anova Package 


A Z .00065 2V0082 
ERROR 18 .00645 .00036 
TOTAL 20 OO aie 


Output from the Duncan Package 


IDENTIFICATION MEAN 


2 .098 
1 2009 
5} we 


a) 


' 
- , wo 
~ = es : wan 
_ Poa 7 f Se 
= 
: : = Dy : 
A Sao 


_ 


. oe _ 


domia wt apiquis seeneiQey vor sides 
glen atvel baa saotdago (Siloti ’ 
yinvitsegewr wactdaes we, a 


‘ ; = 


qtao.0 280.8 teO.e €6R9.0 Ped.0 Etst - 
en'6.0 2240.0 BA60,% £900.9 £5470 
'.0 bEOl,@ 5970.0 659! .0) (260,0 TORT a 


usenet avons s€4 mor} abqdeo 


ELON. aan £ 7 
ar0ae. ap et 


69°80. ~ 2° 


ai 


Soe49e% cA>hel oc) ward dugsu0 - 


Th2 


Appendix G-6: Statistical Analysis of the Effect of an Air 
Cushion on the Projected Nest Size of Forestry Urea Granules 


at the 95% Level 


table values are in seconds 
table rows represent samples for check, 
small hole air cushions and large hole 


air cushions respectively 
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Appendix H: Fan Characteristics 


Air With 
only Fertilizer 
Fan Gi243 
speed (r/s) 
EFertrtizec O20 2308 
Elow (kg/s) (kg/s) 
Aix 
flow, 4(L/s) 229 155 
FevVeLOCLLY ell eauct 26 72°m/S 19.1 m/s 
Power 3.48 4.88 
(kW) 
Static W 320 393 
Pressure Z OMG SAS 
(mm water) 
Pressure loss 
between W & Z 63 70 
(mm water) 
Atmospheric 
pressure (mm Hg) 700 


Intake air temperature 
dry bulb 
wet bulb 


23 degrees Celsius 
17 degrees Celsius 


* the total airflow into the fan was assumed to flow within 
the duct without a significant change of density 
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Air With 
only Fertilizer 
Fan Soc gs 
speed (r/s) 
Fertilizer ORG ELS 
flow (kg/s) (kg/s) 
Air: 
flow (L/s) 2S. 139 
AeVeELOCItCY InP auct Zi Oemy.S 17.1m/s 
Power (kW) 3.84 4.08 
Static W 3a Sis) o 
Pressure Z 205 oR) 


(mm Ob water) 


Presssure loss 
between W & Z 58 66 
(mm of water) 


Atmospheric v6 
pressure (mm Hg) 


Intake air temperature 
dry bulb 26.5 degrees Celsius 
wet bulb 17.5 degrees Celsius 


x the total airflow into the fan was assumed to flow within 
the duct without a significant change of density 
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